Report of Toxic Effects of Fluorine Following Short-Term Inhalation by Keplinger, M. L.
c 
GPO PRICE 
CFSTl PRlCEtS) 
Hard copy (H 
Microfiche (M 
N66 3 2 2 9 6  
(ACCESS I O N  NU M BE R I (rnauI 
I 
S 
.,v 
I P k G E S l  
cp- T7h 7 J /  
LHASA CR oa TMX OR AD N U M a E a l  
https://ntrs.nasa.gov/search.jsp?R=19660023006 2020-03-24T02:13:03+00:00Z
REPOKT OF TOXIC EFFECTS OF FLUORINE 
FOUClWING SHORT-TERM I N E A U T I O N  
Conducted under 
NASA NGRlO-007-012 
Presented To 
The National Aeronautics and Space Administration 
Washington, D. C. 
L 
i 
Submitted by 
M. L. Keplinger, Ph.D. 
Research and Teaching Center of Toxicology 
Department o f  Pharmacology 
University of Miami School of Medicine 
Coral Gables , Florida 
t 
May 31, 1966 
I. INTRODUCI'ION 
The use of fluorine as an oxidizer fo r  rocket propellants requires 
1. 
a knowledge of the  toxic effects  of f luorine following short-term ex- 
posures. 
animals were exposed t o  f luorine f o r  short  periods of time (one hour 
and l e s s )  and the  lethal and sublethal e f fec ts  detem5ned-f 
Since this information had never been obtained, experimental 
4 
The concentrations i n  the exposure chamber were extremely important 
i n  this study. Since suitable analyt,ical nethods were not  available, 
they were developed. 
2. 
11. MATERIALS AND MIDBODS 
A .  Special Handling Equipment 
I n  order t o  handle fluorine safely i n  the laboratory, special  equip- 
ment was purchased from The Matheson Company, Inc. T h i s  included a 
safety enclosure and remote control system f o r  a six-pound gas cylinder, 
a pressure regulating s y s t e m  (15~-6?0) with monel adapter (F?UY), a 
hydrogen fluoride trap, a f u l l  v i e w  rotameter, back pressure indicator, 
and fluorine res i s tan t  metering valves (940F). 
was &inch copper with f lared f i t t i ngs .  
indicator  was fluorocarbon (Genetmn) tubing. 
was f i l l e d  with fluorocarbon o i l  (Hooker Chemical Corporation, Fluoro- 
lube S-30). 
A l l  connecting t u b k g  
The tube t o  the  backpressure 
The backpressure indicator, 
A nitrogen cylinder was connected t o  the system through 
a pressure regulator and needle valves i n  order t o  purge the system. 
The hydrogen fluoride absorber was a 15-inch section of standard 2- 
inch s t e e l  o r  monel pipe with caps (%inch SAE inlet  and out le t ) ,  
thermometer well, e l e c t r i c a l  winding ( f o r  heating), and asbestos wrapping. 
The absorber was packed with sodium bifluoride (NaHF2) pel le t s .  
t o  use, it was reactivated by heating t o  about 30O0C while purging with 
d q  nitrogen. 
t o  yield a porous, highly absorbent form of sodium fluoride (Ne). 
plet ion of the act ivat ion cycle was determined with the a id  of blue 
litmus paper (completed when no more acid formed). 
Pr ior  
The heat treatment drove off  HF from the  sodium bifluoride 
Com- 
The absorber was 
cooled t o  room temperature and was then ready f o r  use. 
All equipment was assembled, as i l l u s t r a t ed  i n  Figure 1, and tested 
f o r  leaks pr ior  t o  use. 
4 
I .  
An additional safety factor  was added by using cylinders containing 
fluorine diluted with nitrogen, instead of essent ia l ly  100% fluorine 
under pressure. 
in nitrogen) were prepared for OUT use by Allied Chemical Company, 
General Chemical Division. 
These cylinders of specially mixed gas (6 to 9% fluorine 
B. Chamber f o r  Bposures 
The chamber f o r  animal exposures was designed t o  meet tu0 special 
c r i t e r i a  -- 1) materials i n e r t  t o  fluorine and 2 )  rapid entrance or  
egress o f  animals ( fo r  accurate short-term exposures) -- i n  addition t o  
the usual c r i t e r i a  f o r  such a chamber. 
The chamber ( i l l u s t r a t ed  i n  Figure 2)  was constructed of stainless 
s t e e l  with neoprene rubber gaskets a t  movable interfaces.  
rubber reacts  only s l igh t ly  with fluorine a t  these concentrations. 
Neoprene 
Rapid entrance and egress o f t h e  animals were accomplished by a 
s l id ing  t ray  or  drawer i n  the chamber. 
s ea l  in the open or  closed position. 
put i n to  the chamber or  removed i n  approximately one second. 
The t ray  has sol id  ends which 
With this tray,the animals can be 
Any exposure chamber should have the least possible surface area 
per unit volume. 
i dea l  f o r  our working purposes. 
cylinder, was selected. 
height) are equal gives the lowest surface-to-volume r a t i o  of this 
shape. T h i s  chamber has a s l igh t ly  longer length (34 inches) than 
diameter (24 inches) because of the length necessary f o r  the dog and the  
A sphere i s  the i d e a l  shape f o r  this, but was not 
Therefore, the second-best shape, a 
A cylinder whose diameter and length (or  
I 
. 
I .  
r e s t r i c t ion  of diameter t o  go i n t o  an existing hood opening. The 
dimensions, however, are not far from the idea l  cylinder. 
The volume of the chamber (252 l i t e r s )  was selected so that the t o t a l  
animal v o l m  i n  each experiment (with the number t o  used per group) would 
not exceed 5% of the chamber volume. The volume ra t io s  of the experimenial 
animals used were as follous: 
Individual C h a m b e r  
Species Body Weight Vol. Percent 
Dog ll kg 4.6% 
Rabbit 3 kg 1.3% 
Guinea Pig 0.5 kg 0.2% 
Rat 0.25 kg 0.1% 
Mouse 0.03 kg 0.01% 
There are eleven ports in the chamber -- one f o r  entry air, one 
for  exit air, one f o r  a thermometer, two f o r  animals (only one used), 
and six f o r  gas sampling. 
The chamber was operated under dynatuic conditions. As an added 
safety factor,  a blower was connected t o  the exit stream t o  allow 
operation of the chamber under a s l ight ly  negative pressure (0.1 inch of 
water). 
I n  order t o  obtain uniform dis t r ibut ion of the fluorine in the air 
of the  chamber, the fluorine and air were first mixed i n  a a g  chamber 
before entrance i n t o  the exposure chamber. The air was dried by passing 
over Dierite, t o  prevent formation of hydrogen fluoride.  Instead of sin- 
gle ports  for entrance and exit o f t h e  air, special  copper tubing was 
constructed with holes sized t o  a l low a nearly uniform volume t o  f l o w  
through each hole. Air entered along the top of the chamber and lef t  
along the bottom of the chamber. A mixing fan was b u i l t  i n to  the rear 
of the  chamber to  f a c i l i t a t e  uniform dis t r ibut ion.  
The contaminated exit air was scrubbed through a 5% solution of 
potassium hydroxide before being released t o  the atmosphere (outside the 
5. 
? 
building).  
C.  Analysis of Air 
There were CWO general problems of fluorine analyses i n  these 
studies.  One was t o  determine the quantity of fluorine i n  the cylinder, 
and the  other was t o  determine the concentration of fluorine in the  
exposure chamber. 
1. F l i i c j r i ~  in CyLhder 
The concentration of the fluorine i n  the cylinder was measured by 
allowing the fluorine-nitrogen mixture t o  f l o w  through a packed column 
converter containing a mixture of sodium chloride (large crystal)  and 
sodium fluoride. The chlorine, released by fluorine mole fo r  mole, 
was measured by a Volhard t i t ra t ion .  
The converter was a 24-inch length of black i ron  pipe with the 
ends capped. 
copper tubing. 
converter i n to  two SOo-ml Drechselbottles crzmnected i~ series. 
The caps were d r i l l e d  and tapped f o r  f i t t i n g s  t o  &-inch 
The mix tu re  of fluorine and nitrogen flowed through the 
The 
Drechsel bot t les  contained an alkaline potassium arsenite solution t o  
absorb the chlorine. The Drechselbottles were connected t o  a wet  tes t  
meter f o r  measuring the volume of gas being ananlyzed. 
The potassium arseni te  solutions from the two Drechsel bo t t les  
were combined in to  a 1OOO-ml volumetric f l a sk  and diluted t o  volume. 
A 100-ml aliquot of the diluted solution was withdrawn and n i t r i c  acid 
was added u n t i l  the solution was acidic. 
with a 0.1 N s i l ve r  n i t r a t e  solution u n t i l  no fur ther  precipi ta te  occurred 
and the a 10-ml excess s i l ve r  n i t r a t e  was added. 
and f e r r i c  ammonium sulfate solution ( 5  m l )  were added t o  the f lask  which 
The solution was then t i t r a t e d  
Nitrobenzene (1C m l )  
6. 
was stoppered and shaken. The mixture was then t i t r a t e d  with a standard 
0.1 N potassium thiocyanate solution until the supernatant solution 
showed a f a i n t  reddish-brown color. 
The amount of fluorine absorbed ( i n  grams) was equal t o  Elit of 
siver nitrate X normality) - ( m l  of thiocyanate X normality) 
X the  aliquot factor.  
X 0.019 7 
2. Fluorine in Chamber 
Several different  methods were used f o r  the determination of  fluorine 
in the air of the exposure chamber. It was assumed tha t  some of the fluorine 
might react  t o  form fluorides,  par t icular ly  hydrogen fluoride, i n  the 
exposure chamber. Therefore, it was desirable t o  measure both fluorine and 
fluorides concurrently. 
a. Fluorine - Colorimetric 
A measured quantity o f  air containing fluorine was passed through 
an impinger ( f r i t t e d  glass) containing aqueous potassium iodide solution, 
(400 m g / l ) ,  made alkaline with sodium bicarbonate. The fluorine reacted 
with the potassium iodide to form potassium fluoride and iodine. The 
solution was acidif ied with ace t ic  acid and allowed t o  stand f o r  10 minutes. 
The free iodine i n  the solution was then measured using a 0.01 o r  0.1 N 
sodium thiosulfate  solution and starch indicator.  In order t o  check this 
method, the fluoride concentration ( f r o m  potassium fluoride) was also 
determined by the method described below. 
b. Fluoride - Colorimetric 
A measured quantity o f  air from the chamber was passed through 
? 7. 
an impinger ( f r i t t e d  glass) containing aqueous sodium hydroxide solution. 
The t o t a l  amount of f luoride in the solution was measured by the colori- 
metric reaction with 4,5-dihydroq-3- (p-sulfophenylaao) -2 7 naphthalene- 
disulfonic acid trisodium salt (Eastman Organic Chemicals, No. 7309) 
following our modifications to the method of E. BeUack and P. J. Schoubee, 
Anal- & I U - ~  _. 30, 2032-203& 1958. 
This method briefly i s  as follows: 
Reagent A - Eastman No. 7309 (0.958 gram) was dissolved i n  distilled 
water and diluted t o  500 ral. 
Reagent B - Zirconyl chloride octahydrate (0.133 gram) was dissolved 
i n  25 m l  of distilled water. 
was added t o  the zirconium chloride solution, and the mixture was diluted 
t o  500 ml with d i s t i l l e d  water. 
Concentrated hydrochloric acid (350 ml) 
Equal volumes of reagents A and B were combined t o  produce a single 
reagent. 
Reference Solution - Ten milliliters of reagent A were added to 
LOO m l  of water. 
hydrochloric acid (di luted t o  10 m l  with dis t i l led water) were added t o  
the diluted reagent A .  
point of the colorimeter. 
Ten m l  of solution containing 7.0 ml of concentrated 
This solution was used to set the reference (zero) 
Standard Curve - The standard curve was prepared with sodium fluoride 
solutions containing 0.000 t o  l .LOomg/l .  
A 5-nil water sample (contajning standard o r  unknown fluoride) and 
1 m l  of mixed reagent (equal volumes of A and B) were mixed w e l l ,  and the 
opt ica l  absorbance read a t  580 microns. If the absorbance reading of the 
? 
8. 
unknown sample f e l l  beyond the range of the standard containing 1.400 4 1 ,  
the procedure was repeated using a smaller aliquot.  
The amount of fluoride i n  the unknown was calculated as follows: 
A. is  absorbance of 0.00 fluoride standard 
Ax is  absorbance of UnknaJn 
5 is  absorbance of 1.00 mg/l fluoride standard 
c. Fluorine-Gas Liquid Chromatography 
1. 
that fluorine could be analyzed by gas-liquid chromatography with a thermal 
conductivity detector. 
f luorine i n  the a i r ,  a thermal conductivity detector was used. 
was assumed that one of the d i f f icu l t ies  of these analyses would be sepa- 
ra t ion  of Piuorine f m m  air, some ;relhirmry e,-periments m ~ e  conducted 
t o  tes t  different  chromatographic column-packing materials. 
these materials were not the materials of choice for elemental f luorine 
i tself  (without being mixed with air), they were tes ted for separation 
of fluorine f r o m  air. It was thought that a column-packing support of 
diatomacous ear th  might eliminate the interference from air. 
approximately 10% fluorine i n  dry nitrogen was used as the sample gas. 
Preliminary Studies -- Information from other invest,gators indicated 
Therefore, in our first attempt t o  analyze f o r  
Since it 
Although 
A mixture of 
The following procedures describe the various conditions used i n  
the preliminary experiments. 
Constant Omrating Conditions 
9. 
. Instrument: Micro-Tek GC o 2000-R equipped with a nickel- plumbing system (1) (Figure 3) 
Detector: Thermal Conductivity constructed from nickel 
with G m  Mac filaments 
Detector current: 225 ma. 
Detector Temperature: l l O ° C  
S a q M n g  Kethod: Gas sampling valve with 2 cc sample loop 
(Figures b and 5 )  
7OoC a t  60 Conditioning Temperature and Flow f o r  Columns: 
cc/min fo r  12 hours with ends of columns disconnected from 
detect or  
Variable Operating Conditions For Each Experiment 
Column Temperature: Ambient t o  65Oc 
Carrier maw: 25 cc to 150 cc/min 
Inlet and Valve Oven Temperatures: Ambient t o  75OC 
2.  
f luorine ind i rec t ly  by measuring chlorine released from sodium chloride. 
Indirect  Methods -- Additional experiments were conducted t o  detect  
The chlorine was determined with thermal conductivity and with a ther- 
mionic flame detector. 
The following operating conditions were established t o  provide 
successful separation and detection o f  f luorine as chlorine within 
six minutes. 
Column: 20' x 1/4" copper, packed with 208 Kel F-10 
on Kel F-300 polymer, 15-60 Mesh 
(1) Certain f i t t i n g s  necessary t o  introduce and di rec t  sample throughout 
the chromatograph could not be obtained as nickel. 
brass f i t t i ngs  were used i n  such instances.-- All tubing through which 
the sample passed was constzizcted from nickel. The gas sanipling valve 
contained a Hastelloy sampling stem. 
Stainless  steel or 
. 
10. 
Column Tanperature: 6 2 O C  
Carrier Gas Flow: 
Detector #1: Thermal Conductivity 
60 cc/min helium (40 psi ,  6 rotameter set t ing)  
(a) Temperature, l 2 5 O C  
(b) Filament current, 300-350 ma. 
Detector #2: T h e a o n i c  Flame 
(a )  Temperature: l 2 5 O C  
(b) Hydrogen Flow: 40 cc/min 
(d)  Bckgrcxmd Cureat: Coil coat  d with saturated 
amps background 
(c )  Air Flow: 400 cc/min 
sodium sulfate  t o  give 2 X 
Kith 1.6 amps applied c o i l  current 
Fluorine Conversion Column: 
(a) 1' x l/,!4'? nickel, packed with 28-45 mesh sodium 
chloride 
' (b) Temperature: 21OoC 
Inlet Block and E k i t  Block Temperature: 
Sample Concentration: (a)  10% fluorine in N;, 
(b) l$ fluorine i n  N2 
Recorder: MT-ll, 1 mv, 1 sec response, chart  speed l"/rain 
50°C 
3. Electron C a p t u r e  -- A f e w  experiments were conducted using an electron- 
capture detector. The instrument was the  same as described previously and 
the operating conditions were as follows: 
Constant Operating Conditions: 
Column: 
Carrier G a s  Flow: 40 cc/min nitrogen 
Detector Temperature : 180°C 
Detector: Tr i t ia ted  electron capture 
Inlet Temperature: 2LoC 
Barometric Pressure: 29.98 i n .  
Sampling Method: Gas-tight syringe 
4' x l/k'? glass, packed with 1% m-1 on Fluropak 
Variable Operating Conditions : 
Column Temperature: 2LoC t o  -78OC 
Sample Size: 5 t o  10 microliters 
3 .  Experimental Animals 
-,, 
The 6oung adult  male and female r a t s ;  (weighing from 150 t o  300 grams) - plr 
used i n  these studies were Osborne-Mendel strain albino rats raised i n  
I 
l our colony f r o m  o r i g i n a l  FDA stock. The mice were young adult  Swiss- 
z -  
Webster wbite, weighing from 20 to 40 grams, raised in our colony. 
The young pdult  English-strain guinea pig5weighed from 300 to 500 
ir- 
grams. I Rabbitawere of a young adu l t  New Zealand strain weighing from 
2.0 to 3.5 kg. 
-cI 
The dogs were young adul t  mongrels of mixed breed and . 
weighed from 8.5 t o  10.5 kg. 
12. 
III. RESULTS 
A .  Fluorine 9s Colorimetric Method 
Since a definite method was not  available for the determination of 
fluorine, the  potassium iodide method was developed. 
f luorine (P,) should react  with the potassium iodide-(KI) t o  release 
iodine mole for mole i n  duraline medium. Upon acidif icat ion the 
iodine could be measured. 
f u l .  
T h i s  was tested and checked. 
pH of the solution was a lso  tes ted  and found t o  be unchanged, indicating 
t h a t  gaseous HF was not trapped i n  the €3 solution. 
Theoretically, the 
T h i s  was tes ted and the method proved success- 
Theoretically, the  K I  should not react  with hydrogen fluoride (HF). 
The €IF did not release I2 from KI. The 
The su i t ab i l i t y  of the K I  method f o r  fluorine and the percent re- 
covery w e r e  tested over concentrations of fluorine in the air ranging from 
5 t o  85,500 ppm. 
t ion  of K I  solution allowed measurement of fluorine over the en t i r e  
range. 
(See Table 1). 
Adjustment of the volume of air and/or the concentra- 
The mean recovery was 99.G with a standard deviation of 2 .s. 
The air from the chamber was withdrawn with a pump through a short  
piece of glass tubing connected t o  the wash bot t le  by a short piece of 
rubber tubing. 
from the  W g  chamber before being used. The same tubing was used f o r  
a l l  tests because it was found that "new" tubing apparently reacted with 
the fluorine causing as much as bC$ loss i n  recovery during the first 
sampling. 
solution, and then through a w e t  t e s t  meter (which measured the  volume of 
The glass and rubber tubing were passivated with f luorine 
The air passed through the f r i t t e d  glass impinger, the  K I  
air). 
Although the volume of air sampled depended on the concentration 
of fluorine, the size of the sample was one t o  three liters of air i n  
the majority of the samples. 
B. Fluorine E!y Gas Chromatography 
Prelimimry Studies -- The results of the experiments t o  determine 1. 
f l - m r k e  Sy gzs ckzmatograpFq usiag different e-oiumis and the thermdi 
conductivity detector were as follows: 
a. Ehmr'rment 130. 1 
Column: 20l x 1/L1I copper, packed with 33% K e l  F-10 
oil on 60/80 Chromosorb W. 
in le t  to detector. 
Installed from lef t  
Sampling: A s  shown i n  Figure 3,  using sample loop connected 
t o  ports shown in Figure 3 (14). 
Gas Sampling valve was pulled t o  out position. 
Gas sample bomb was connected to port  connection shown on 
Figure 3 (ll) v i a  a 1/81'-diameter copper tube.  
A 1/817-diameter copper tube was connected t o  ( 9 )  (same figure) 
t o  d i rec t  vent gas eluting from sample loop during purge in to  
fume hood. 
beaker containing K e l  F-10 o i l ) .  
(Exit end of tube was vented and bubbled in to  a 
Sample bomb was opened s l igh t ly  t o  allow about 2 0  cc/min t o  
purge through sample loop. 
After a f ive-minute  purge, sample bomb valve uas closed. 
After allowing f ive  seconds fo r  sample i n  loop t o  reach 
atmospheric pressure, sample valve stem was pushed 5n."  
Twenty samples were run i n  the  above manner with no evidence 
of a fluorine peak as column temperature and flow were adjus- 
ted between runs throughout parameters l i s t e d  above. 
b. Expe riment No. 2 
The possibi l i ty  of fluorine absorption and retention i n  the chro- 
matograph was considered. 
condition the system throughout so  that the fluorine would not react: 
Therefore, an attempt was made as follows t o  
, -  
(1) The ca r r i e r  gas #I entrance l i n e  was disconnected from 
port  4 of gas sample valve, and the bomb containing 10% 
fluorine i n  air was connected a t  port b of valve. 
(2) Sample loop was removed and attached inside valve oven 
d i rec t ly  across port  2 and port  5 of gas sample valve. 
( 3 )  Sample bomb was opened t o  a l l o w  about 20 cc/min of sample 
t o  purge d i rec t ly  through valve, loop, column, and detector 
(filaments off)  fo r  two hours. 
Sample bomb was disconnected, ca r r i e r  entrance l i n e  again 
connected to por t  4 of sample valve, and bomb again connected 
to sample ltintf port  (See Figure 3 (11)). 
(4) 
( 5 )  A f t e r  flushing car r ie r  through column f o r  20 minutes, 
successive inject ions were made without success. 
Note: 
the bottom six inches o f  column became extremely hot, and 
that fluorine was reacting with the  Chromosorb W column 
packing material and that  such diatomaceous material would 
not work. 
It was observed during passivation procedure tha t  
c .  Experiment No. 3 
(1) Procedure No. 2 was repeated as described above except a 
20' x l/4" copper column packed with 30% Arochlor 1242 
on 60/60 mesh Chromosorb P, acid washed, was used. 
No success was obtained on about t en  injections.  (2) 
d. Experiment No. 4 
(1) The 1/81! S S l i n e  from por t  3 of gas sample valve t o  inlet 
( 9 )  (Figure 3 )  was disconnected and a short  1/811-diameter 
copper tubing was installed from port  3 of the valve t o  
bottom f i t t i n g  on valve-oven terminal s t r i p .  (See (3)  ). 
(2) A 20' x l/hl' copper column packed with 15% Kel F-10 o i l  
on Fluoropak-80 (a Teflon support) was i n s t a l l ed  from 
bottom f i t t i n g  on valve-oven s t r i p  t o  the detector. 
(3)  The system was again passivated as in  experiment No. 2. 
(4) Twenty inject ions were made with no success. 
e. Conclusions with Diatomaceous Earth Columns 
15. 
From the above work, it became obvious that, due t o  a reaction in 
the column, a diatomaceous ear th  column-packing support would not allow 
fluorine analysis. 
an inert support, such as a flurocarbon, should be used. 
such as Kel F-10, should be the choice. 
f luorine,  there is l i t t l e  possibi l i ty  that l iquid phases other than the 
Kel-F family will suffice for f l u o r i n e  analysis. 
2. Indirect  Method 
Since fluorine is  so highly reactive, the use of 
A l iquid phase, 
Due t o  the react ivi ty  of 
The ear ly  investigations indicated, therefore, that fluorine and a i r  
could not be separated on these chromatographic columns. 
phases or  supports capable of effecting such a separation resulted i n  
excessive reaction with fluorine.  
attempt the separation e i the r  by (1) subambient d i s t i l l a t i o n  or (2)  con- 
verting fluorine to  chlorine which could be separated from air by carefully 
choosing the proper column and determining the optimum operating conditions. 
The latter choice seemed t o  offer  the most advantages. 
Use of statio- 
Consequently, it seemed necessary t o  
The ultimate goal of this investigation was t o  determine the l i m i t  
of detectabi l i ty  of fluorine as chlorine using a thermal conductivity 
detector. 
halides, showed promise f o r  this application, such a detector was connected 
in series with eff luent  gases f r o m  the  thermal conductivity detector t o  
check the lower limits of fluorine detection with such a detector. 
Huwever, since a thermionic flame detector, specific fo r  
A one-foot, l/k-inch diameter nickel column was packed with 28-lrs 
mesh sodium chloride, wrapped wi th  e l ec t r i ca l  heating tape, and ins ta l led  
between the gas sampling valve and the  column inlet  s y s t e m .  The sodium 
. 16. 
0 
chloride had been melted at 1500 F, cooled, crushed, and meshed t o  obtain 
uniform par t ic le  s ize .  
with nitrogen. 
cedure. 
The column was packed and purged f o r  24 hours 
The column was heated t o  32S0C during the purging pro- 
The chromatographic column-packing material was prepared using the 
conventional bowl laethod (see operating conditions f o r  stationary phase 
and support). 
allowed to  condition overnight a t  70 C with a 60 cc/min helium purge. 
The exit end of the column was disconnected from the detector through- 
out the purging step.  
a t  the ca r r i e r  gas entrance port  on the chromatograph and allowed to  
flow a t  10 cc/min through the chromatographic column and vented t o  a 
fwne hood. 
The column was installed in the gas chromatograph and 
0 
A 1% Injxture of chlorine i n  the air was connected 
The sodium chloride column was then in s t a l l ed  i n  the system. 
A l@ mixture of fluorine in nitrogen was used f o r  part of this 
project.  
ic7,uorine f o r  the remainder of the studies. 
quantit ies of f luorine would be easy t o  detect  and would o f f e r  no 
problems, providing the sample s i z e  was limited t o  avoid damage t o  fila- 
ments by chlorine. 
than 10% could o f f e r  problems. 
toward the successfU analysis of lower concentrations. 
concentration level,  the 
The mixture was further diluted t o  a concentration of l% 
It was assumed tha t  major 
It 'was believed that fluorine concentrations less 
Consequently, emphasis was directed 
At the  I$ 
I 
17. 
(A chromatogram comparing following results were reproducibly obtained. 
the peaks from both detectors i s  shown i n  Figure 6.  
a. Thermal Conductivity Detector 
(1) Operafiing Conditions: 
Attenuation: X1 (maximum sens i t iv i ty)  
Filament Current: 350 ma. (maximum sensi t ivi ty)  
(2 1 CiDserva.i;ions : 
(a) A peak height o f  11 centimeters was obtained (25.5 
cm represents full scale).  
2 (b) A t  X1, the  attenuation necessary t o  obtain the C 1  peak, the response fo r  nitrogen was such that it 
interfered w i t h  the  chlorine peak. The N peak had 
recovered t o  within 4.2 cm of the baseling when 
chlorine began t o  elute.  
Ten inject ions resulted i n  complete reproducibility 
of the peak heights fo r  chlorine. 
(d) Evidence indicated that the filament current was 
being operated too high. The baseline displayed 
about  one division of noise a f t e r  24 hours operation 
a t  350 ma.  w i t h  successive sample injections.  
i s  suggested that about 300 na. filament current be 
used for  sustained operation with large-sample, 
frequent injections.  A t  300 m a . ,  the sens i t iv i ty  
would be diminished somewhat from tha t  shown on the 
attached chromatogram. 
(c)  
It 
b. Thermionic Flame Detector 
(1) Operating Conditions: (See conditions section) 
Attenuation: 102 Input, 256 Output 
(2  ) Observations : 
(a) A peak height of 20.2 centimeters was obtained f o r  
chlorine. 
(b) The attenuation could be increased by 100 fold with 
less than two divisions of baseline dis tor t ion.  
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This indicated that fluorine, 100-fold less 
concentrated, could be detected easily at the same 
operating parameters using the thermionic flame. . 
(c)Response for N was so small that no interference on 
the fluorine &ak was obtained. 
and column temperature could be advanced to allaw 
C s  to elute much earlier, thus reducing analysis 
tune and favoring detection of even lower concentra- 
tions of fluorine. 
Carrier flow rate 
Using either detector, the chromatographic system required about three 
2-cc injections of chlorine gas to passivate the inlet system and column 
before successful results were obtained. Time did not al low for a 
thorough study to determine the frequency of passivation required, 
but evidence indicated that the system required passivation whenever 
two or three hours elapsed betmen sample injections. With a single 2-cc 
chlorine injection, peaks from sample injections would grow with successive 
injections and finally stabi l ize.  The number of sample injections before 
stabilization occurred depended upon the fluorine concentration in the 
sample. For example, a lC$ fluorine mixture stabilized in peak height 
after four or five samples when preceded by a single 2-cc chlorine in- 
jection. Brief investigations indicated that two or three 2-cc chlorine 
injections were adequate to passivate the system regardless of the fluorine 
concentration in the sample. 
~~ ~~ 
Although time did not permit a complete investigation of 
all variables involved, results indicated that little difficulty win 
be encountered analyzing for fluorine in the air,  O2 or N at concentrations 
2 
down t o  the  1% l eve l  by gas chroma%ography, using a thennal conductivity 
detector. 
should be obtainable providing sample holdup a t  reaction sites can be 
minimized or  eliminated with periodic injections of chlorine o r  fluorine 
t o  passivate the system when using a thermionic flame detector. 
Determination of concentrations down t o  the 100-ppm leve l  
Cursory studies indicated that the displacement of chlorine by 
elemental f l ~ ~ l - i ~ e  f r o m  a heated s o d i m  ctiloride column appears quaziti- 
t a t ive .  
variable. At any rate, 
the displacement method appears t o  be a feasible approach t o  fluorine 
analysis. 
However, time did not a l l o w  f o r  a thorough studs of this possible 
Further work should be done along this line. 
In  order t o  recommend the choice chromatographic sampling and detection 
s y s t e m  f o r  fluorine analysis, several things must be considered. These 
investigators would select the systems based on (1) the  detection l eve l  
of f luorine required, and (2) the impurities contained and whether or 
not they must be separated and detected. 
t a t i o n  of fluorine i s  of interest, the two major considrations would 
be (1) the sample s ize  t o  i n j e c t  (dependent on concentration) and (2 )  
the detector required. 
are required, the sample size ,  the  detector, and the column arrangement 
are significant. 
If only the detection and quanti- 
If the  separation and quantitation of impurities 
If the  separation and quantitation of air components (02 and N ) o r  
cother fixed gases such as CO and C02 are required, the thermal conductivity 
detector i s  required since the themionic detector i s  specif ic  only f o r  
halogen and would not respond to  other components. 
2 
A column-switching 
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and plumbing arrangment capable of switching the air peak i n t o  a 61 x IJ4" 
molecular sieve column i s  also necessary since O2 and N have ident ica l  
retention times on the Rel-F Column. 
3 .  Electron Capture 
2 
Sample s izes  would apply as above. 
Another approach to the  analysis fo r  fluorine i n  air was made. 
The sample of d i lu t e  mixture (about I$) of fluorine in air was taken 
with a gas-tight syringe and injected direct ly  i n t o  a chromatographic 
column (Fluropak with le QF-1). 
ranged from 5 t o  10 microli ters of air. 
a t r i t ia ted-electron capture detector. 
temperature (24 C),  there was no separation of fluorine from air. 
cooling the column t o  -78 C (with dry i c e  and acetone), there was a 
separation of fluorine from air. 
this technique, f luorine and oxygen were resolved a t  l o w  temperatures 
Sample s izes  were quite small and 
The gases were measured with 
When the column was a t  ambient 
0 
After 
0 
It was concluded, therefore, t ha t  with 
provided both were in microgram quantities. 
if t k  c o > m  can be modified so that fluorine m y  be measured a t  
It has not been determined 
lower concentrations i n  air using the electron-capture detector. 
c.  Exwsures of Animals 
1. Pre- Studies 
A f t e r  the special  handling equipment, exposure chamber, and analy- 
t i c a l  methods were ready, exposure of experimental animals was t o  be star ted.  
The chamber and stainless s t e e l  cages t o  hold the animals were-passivated 
first with the fluorine-nitrogen mixture from the cylinder. Then air was 
mixed with the fluorine t o  prepare a concentration of approximately 5000 
ppm. This m i x t u r e  was also passed through the chamber containing the empQ 
* 21 
cages. 
for fluorine. 
concentrations agreed w e l l  over a wide range kf concentrations of fluorine 
in air (See Table 1). 
chamber remained constant under the dynamic conditions required for 
exposure. 
Pollowing this passivation, the air in the chamber was analyzed 
It was found that the theoretical (nominal) and analyzed 
It was also found that the concentration in the 
The LI~~PECP r? f  epenhg m d  closing the &mer of the ck?a;llber 011 
the concentration of fluorine in the chamber was determined. 
the drawer, after the desired concentration was reached with the drawer 
in the open (sealed) position, caused only a slight decrease in concen- 
tration. 
92 to 99% of the total remained after the door was closed. 
was then maintained constant by slightly adjusting the fluorine and a i r  
flow rates after the animals were introduced. 
Closing 
Depending on the magnitude of the initial concentration, between 
The concentration 
The animals were removed by quickly reopening the drawer after the 
desired exposure tine had elapsed. 
did necessitate adjusting the concentration for subsequent exposures. 
Since the volume of 10 rats and 10 mice was only about l$ of the 
The effect of reopening the drawer 
volume of the chamber, it was assumed that they could all be exposed at 
the same time. 
tions of fluorine in the chamber were much lower than the theoretical 
(nominal) concentrations. 
the chamber at a rate which should have held the concentration constant, 
the concentration (as analyzed) decreased rapidly during the first five 
minutes and continued to decrese at a different rate during the rest of 
However, during the exposures, the analytical concentra- 
Although the fluorine was being introduced into 
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a t  2 diffe,mnt r a t e  during the rest of the exposure. Gbviouslg this 
caused considerable consternation. 
A f t e r  again checking a l l  aspects of the analytical  methods t o  
ensure t h e i r  accuracy, it was concluded that the fluorine concentration 
was actual ly  decreasing during these exposures. 
the chamber and a l l  components revealed that the theoretical. concentra- 
A systematic check of 
tion could be mktzihec? 7e-q acc*;nateIy I n  ttiz mpty chamber, as found 
previously. 
The  e f fec t  of o p e n h g  and closing the drawer was again checked. Since 
the concentration decreased when the drawer was opened, this did not create 
a problem because the animals were being removed from the chamber anyway. 
Closing the door (by follouing the  techniques specified i n  the procedure) 
ca ed a very s l igh t  decrease i n  concentration, as  found previously. 
Introduction of the empe animal cages, previously passivated, did 
not change the concentration. 
It was then concluded that the animals themselves were causing the  
decrease i n  concentration. 
was reacting with the moisture in the expired air, adsorbing or  absorbing 
t o  the f’ur and skin, reacting with the moist mucous membranes, o r  with 
a l l  o f  these. A n  attempt was made to  compare the loss due to  reaction 
with the  skin and fur to the loss by a l l  poss ib i l i t i e s  combined. 
loss due t o  skin and f u r  was determined by exposing nonbreathing (dead) 
animals. 
The next question was whether the fluorine 
The 
The resul ts ,  shown i n  Figure 7, indicated that a p p r o m t e l y  
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s@ of the loss under these conditions was due to reaction with the skin 
and fur. Therefore, the other 50% lost was due to reaction with the 
expired water vapor and/or to reaction with the mucous membranes of the 
respiratory tract. 
I The problem then Was to determine the operating conditions f o r  
exposing the animdls to a constant concentration of fluorine. 
some fluoxbe was reacting with the animals, it was believed that adjustment 
of the concentration being introduced into the chamber and/or the number 
Since 1 
of animals dght compensate for  the loss. 
reduced to five (with 10 mice) and fluorine was introduced at a faster 
rate. With an initial concentration of 400 ppm, the concentration de- 
The number of rats was 
creased during the first 1s minutes of exposure and then remained con- 
stant, as shown in figure 8. When the initial concentration of fluorine 
was higher (550 ppm) , the decrease in concentration was even more rapid, 
and it was lower before becoming constant (a l so  shown in Figure 8). 
The fluorine would have to be introduced very rapidly at first, with 
a decreasing rate, to compensate for such losses. 
impossible to change the concentration in an exposure chamber rapidly 
enough to compensate f o r  such losses and still keep the concentration 
constant. With the available equipment, the adjustments could not be 
made. €& adding the fluorine as rapidly as possible and still keeping 
other desirable criteria, the theoretical concentration was increasing 
It is practically 
I 
I 
as shown in Figure 9. 
fluorine became constant for the period of 20 to 60 minutes after introduc- 
Under these conditions, the concentration of 
tion of the animals. Such a variance in concentr~on-waa~~~cep~able. 
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Another problem also arose from the attempt t o  expose 10 rats and 10 
mice a t  the same time. 
crease as  rapidly as the fluorine concentration) was very high and essent ia l ly  
The fluoride concentration (wbich did not de- 
the same as the fluorine concentration. (An example is  i l lustrated in  
Figure 9.) Under these conditions it would be impossible to distinguish i 
effects due t o  fluorine f r o m  those due to fluoride or  f r o m  those due t o  
Therefore, in order t o  maintain a constant concentration of fluorine 
i n  the chamber, the number of animals was reduced s o  that no more than 
two rats (usually only one) were exposed at  any one time. An example of  
the theoret ical  and analyt ical  concentrations of fluorine i n  the chardber 
during the exposure of one rat i s  i l l u s t r a t ed  i n  Figure 10. It should be 
added that with one rat  in the chamber, the fluoride concentration was 
negligible. The only aninaals exposed i n  groups were mice. When 10 
mice were exposed a t  the same t a ,  fluorine concentrations could be 
maintained. 
Although the data from these prel iminary t e s t s  could not be used f o r  
the determination of e f fec ts  from exposure t o  constant concentrations of 
fluorine,  they were valuable for establishing c r i t e r i a  for the additional 
exposures t o  follow. They also gave considerable insight  i n t o  the behavior 
of f luorine in air after contacting organic matter. 
A f t e r  approximately 50 different exposures ( u t i l i z i i g  220 mice, 
200 rats, 3 guinea pigs, and 3 rabbits), operating c r i t e r i a  were established, 
and the tests t o  determine e f fec ts  from fluorine were started. 
2. Signs of In toeca t ion  and Dose Response 
a. Lethal Concentrations 
The concentrations causing fatalities after 5 ,  15, 30, and 60 
minutes of exposure were determined first i n  rats, using 10 a.nimals 
per group. 
50% of a group of animals) was calculated for each time interval, 
From these concentrations, the LCs0 (Lethal Concentration fo r  
using the metnd  of iditchfield and Wilcoxon (J. Pharm. Exper. Therap. 
96: 99-113, 1949). 5 minutes -- 
700 ppm, 15 minutes -- 390 ppm, 30 minutes -- 270 ppm, and 60 minutes -- 
185 ppm. 
The LCsols (shown i n  Table 2 )  were: -
The LC Is f o r  mice, using 10 animdls per group at each of the four 50 
intervals of exposure t i m e ,  were then deterroined and are shown i n  Table 2. 
They were: 
225 ppm, and 60 minutes -- 150 ppm. While the LC501s f o r  mice were lower 
than those f o r  rats, the differences were not s t a t i s t i c a l l y  s ignif icant .  
The LCf;ols f o r  guinea pigs, using five animals per group, were 
determined a t  two intervals  of exposure time t o  compare e f fec ts  between 
species and t o  compare the slope of the LC 
the other species. T h e  LC 
ppm and 60 minutes -- 170 ppm. 
essent ia l ly  the same as the rat. 
5 minutes -- 600 ppm, 15 minutes -- 375 ppm, 30 minutes -- 
Is (plotted against tinre) to  
Is (shown in Table 2)  were 15 minutes -- 395 
50 
50 
These LC values and the slope were 
50 
The LCsols for  rabbits, using five animals per group, were determined 
a t  two intervals of exposure time, l ike  the guinea pigs, t o  compare 
effects  and slope of LCs0 vs. time t o  the other species. 
(shown i n  Table 2 )  were: 
The LC 1s 50 
5 minutes -- 820 ppm and 30 minutes -- 270 ppm. 
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The LCso following five minutes of exposure was higher (820 ppm) than 
' -  
for  the  r a t  (700 ppm). 
different s t a t i s c i ca l ly .  
the same as the r a t  (270)bpm). 
The difference, however, was not significantly 
The LCso following 30 minutes of  exposure was 
When the LC ' s  f o r  a l l  four  species at  the different  exposure 50 
times were compared, they were essent ia l ly  the same and not s ignif icant ly  
different  s t a t i s t i c a l l y ,  with one exception. 
of exposure, the difference between the muse (600 ppm) and the rabbit  
(820 ppm) was signif icant  a t  95% confidence limits. 
values are s ignif icant ly  different  "s ta t i s t ica l lyf t ,  it i s  doubtful that 
the difference i s  real. 
Follajing five ntinutes 
While these two 
The survivors were observed daily and weighed weekly for  a days 
after exposure, and were then sacrificed fo r  pathology. 
Signs of intoxication a t  the le tha l  concentrations included irri- 
t a t i o n  of the eyes and nose, as shown by conjunctivit is ,  pawing a t  the 
nose, increased secretions, and sneezing. Dgspnea, l o s s  of  body weight, 
general weakness, and death were observed. 
be nonspecific, apparently due t o  anorexia from a "sick'? animal, 
concentrations i n  the general range of LC40 to LCs0, very few signs of 
intoxication were observed immediately after exposure. 
animals looked quite well ( with some i r r i t a t i o n  of the eyes and nose) 
when removed f'rom the chamber. Dyspnea and lethargy were not observed 
u n t i l  several. hours after exposure. 
The loss of  weight appeared t o  
A t  
Frequently, the 
With the exception of very high concentrations (LC 
death occurred approximately I2 t o  18 hours after exposure. 
deaths were recorded about 2& hours a f t e r  exposure. 
animal l ived f o r  48 hours, he survived the &day observation period. 
t o  LC 
90 100 ), 
A few 
I n  general, i f  an 
! -  
b . Sublethal Concentrations 
After the LC 'S were established i n  all four species for 
50 
the d i f fe ren t  periods of exposure, animals were exposed a t  lower con- 
centrations t o  observe effects.  The concentration f o r  each period of 
exposure (5 ,  15, 30, or  60 minutes) was reduced each time by one-half, 
with the LC 
t o  SO$, 25%, l2.5%, and 6% of the  LCs0 as shown in Table 3 .  
as the base value. In other words, animals were exposed 
50 
A t  50% of the LC50is, there were marked signs of intoxication 
manifested by i r r i t a t i o n  t o  the eyes and respiratory t r ac t .  
centrations which were 25% of the LCSo1s, there were only mild signs of 
intoxication, manifested by s l igh t  dyspnea and closed eyes. 
concentrations, there were no gross signs of intoxication. 
were no visible signs of intozdcation a t  concentrations equivalent to 
12 .S% of the LC I s, animals were exposed to lower concentrations (6% 
' s )  t o  check f o r  microscopic changes i n  the organs and t issues.  
The signs of i n t o e c a t i o n  occurring i n  the different  species following 
A t  con- 
A t  laser 
Although there 
50 
of the LC 
50 
exposures of different  duration are  tabulated as follows: 
exposure, Table 4; 15-minute exposure, Table 5; 30-minute exposure, Table 
6 ;  and 60-minute exposure, Table 7. 
! h i n u t e s  
Complete blood counts, including hemoglobin, hematocrit, erythrocyte 
count, t o t a l  leukocyte count, and d i f f e ren t i a l  leukocyte count, were made 
on rats ( 5  animals per group) and on dogs (2 animals per group). 
blood samples were withdrawn f r o m  t he  t a i l  of the rat and from the saphenous 
vein of the dog. 
The 
Rats were exposed for  15 minutes a t  concentrations of 
28. 
107, 125, 220, and 325 ppm; and fo r  60 minutes a t  concentrations of 98, 
104, 111, 134, and I& ppm. 
centrations of 39, 58, and 93 ppm; and for  60 minutes a t  concentrations 
of 38, 68, and lo9 ppm. 
ra ther  severe because it was believed that any ef fec t  should be e l i c i t ed  
and then a dose-response determined. 
exposure and on the second, seventh, fourteenth, and twenty-first days 
after exposure. 
these elements of blood, even after quite severe exposure to  fluorine. 
It is  interest ing and worthy t o  note that the c lo t t ing  time of the 
Dogs were exposed f o r  15 minutes a t  con- 
The exposures of the rats i n  par t icu lar  were 
The blood counts were made before 
The data did not show signif icant  changes i n  any of 
blood appeared t o  be prolonged. 
carefully measured, but cer ta inly warrants fur ther  investigation. 
3. Gross Pathology 
T h i s  was a general observation and not 
An autopsy was performed on every animal which was expased. Animals 
that succumbed were autopsied immediately after being found dead. 
Survivors of the LCso determinations were sacrificed l4 days after 
exposure. Animals exposed a t  lower concentrations -re sacr i f iced 
s e r i a l l y  -- immediately a f t e r  exposure as w e l l  as 1, 2, 4, 7, a, 21, 
and 45 days a f t e r  exposure. 
determine how soon after exposure an effect could be observed and how 
soon a f t e r  exposure a damaged t i ssue  would revert  t o  normal. 
The objects of s e r i a l  sacr i f ice  were t o  
a. Rats 
The lungs of the rats showedby far the greatest  change of 
any organ o r  t i s sue  following exposure t o  fluorine.  The rats showed 
very s l igh t  evidence of damage t o  the kidneys, which became apparent 
14 o r  more days af ter  exposure. There was some discoloration (mottling) 
j-n the l ive r s  of some animals, however the incidence occurred a t  random 
and could not be correlated with degree of exposure t o  fluorine.  
The gross pathology i n  the lungs, graded from 5 (severe) t o  N (no 
change), and the ranges of concentrations related t o  these changes are 
summarized in Table 8. 
concentrations near the LC 
of exposure caused less ef fec ts  i n  the lungs. 
changes observed in the lungs a t  concentrations of 100 ppm f o r  5 lnin., 
?O ppm for  1s min., 55 ppm for  30 min., o r  45 ppm f o r  60 rain. 
Grade 5 changes i n  the lungs occurred at  
L m r  concentrations a t  each period 
There were no gross 
50 
(md lower). 
It can be seen from Figure 11, which i l l u s t r a t e s  the data i n  a 
graph, that the  slopes of the l ines  between the different  grades of 
lung pathology are slightly different from the slope of the LC T h i s  
50. 
indicates possibly %hat lung damage i s  more closely related t o  con- 
centration than t o  dose (concentration X time) when compared t o  lethal 
e f fec ts .  
b. Mice -
From the LC ‘ s  it appeared that the mouse was a t  least as 50 
susceptible t o  fluorine as any other species tested, i f  not more sus- 
ceptible.  Therefore, more mice than most of the other species (about 
as many rats as mice) were exposed a t  sublethal concentrations t o  observe 
effects .  Another reason f o r  using mice was that 10 animals could be 
exposed a t  one time, assuring uniform exposure t o  all animals in the 
group. 
t i on  a l s o  are included i n  Table 8 and Figure 11. 
The gross changes i n  the lungs and t h e i r  re la t ion  t o  concentra- 
The mice were sacr i f iced ser ia l ly  t o  determine e f fec ts  following 
sublethal exposures. The most marked changes were found in the lungs. 
_- 
I 
30. 
~ 
The dats ahoxi5ng the degree of gmsa pathdogy in the lungs, as weU as 
differences in effect up to 45 days after exposure, are presented in 
Table 9.  
two or three animals were sacrificed at each of the eight periods of 
time after exposure. The grades of damage to the lung varied somewhat 
due to differences in the reactions of animals with the same exposure. 
~ - -  
Since 20 animals were exposed at each concMtration, 
In general, the effects increased as the concentration increased 
at each exposure period. 
damage to the lung and exposure. 
was slightly different from the slope of the LC 
Figure 12. 
damage apparently is more closely related to concentration than the 
lethal effects. 
There was a dose-effect relationship between 
The slope of the dose response, however, 
values as shown in 50 
T h i s  indicates that (like the rat) the degree of lung 
I 
At each period of exposure, the concentration was decreased until 
The dividing lines between 
1 -  
no gross effects were found in the lungs. 
no gross effect levels in the lungs and very slight congestion (Grade 1) 
were -- 5 minutes, 100 ppm; 15 minutes, 70 ppm; 30 minutes, 55 ppm; 
and 60 minutes, 45 ppm. 
observed in the lungs. 
effects. 
I 
l 
At higher concentrations, some damage was 
At lower concentrations, there were no gross 
As expected, concentrations near the LC caused very marked 50 
diffuse congestion with ecchymotic or petechial hemorrhages (Grade 5 ) .  
Lower concentrations cause diffuse congestion in the lungs ranging from 
severe (Grade 4), to moderate (Grade 3 ) ,  to mild (Grade 2), to very mild 
(Grade 1). 
(A number was easier to handle than a description.) The demarcation be- 
tween any two grades of damage is not sharp because of biological varia- 
tion among the animals. As seen in Table 9, however, the lung damage is 
quite well correlated with exposure to fluorine.  
T h i s  grading system was selected for ease of handling the data. 
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Ser i a l  sacrifice of the animals revealed t h a t  the e f fec ts  were not 
appreciably worse a f t e r  exposure. There was some regression of the 
changes i n  the lungs which started about 7 days after the exposure. 
most cases, the lungs were normal 4s days after exposure i f  only mild 
d a g e  w-s observed socn a f t e r  exxosure. 
however, the lungs showed recovery, but still some effects ,  w days 
a f t e r  exposure. 
In 
With more severe damage, 
I n  the mice, there was some evidence of gross damage t o  the liver 
and kidneys following sublethal exposures. 
a change in coloration of both organs. 
was l i t t l e  or  no grossly visible  damage to  the l i v e r  or t o  the kidney. 
It i s  probable tha t  i f  the damage i s  due t o  a cumulative e f fec t ,  the 
animals exposed t o  high concentrations did not l i v e  long enough t o  
develop the changes. 
no damage t o  e i ther  organ of animals sacr i f iced up t o  two days a f t e r  
exposure. By the seventh day a f t e r  exposure, however, there was 
some damage i n  a f e w  animals. 
l i v e r  and kidney were 15% and 17%, respectively. 
day a f t e r  exposure, the incidences of damage t o  the l i v e r  and kidney were 
30$ and 2%, respectively. 
incidences of damage to the liver and kidney were 48% and !?3$, respectively. 
On the for ty- f i f th  day a f t e r  exposure, the incidences of damage t o  the 
l i v e r  and kidney were 75% and 85%, respectively. 
This appeared mainly as 
A t  l e t h a l  concentrations, there 
A t  sublethal concentrations, there was l i t t l e  or  
The overall incidences of damage t o  the 
On the fourteenth 
On the twenty-first day a f t e r  exposure, the 
It should be emphasized that low concentrations, which caused no 
ef fec t  i n  the lungs, did not cause effects i n  the l i v e r  o r  kidneys. 
32.  
c .  Guinea Pigs 
I 
The only organ o r  t i s sue  which showed gross pathology in ~ - -  
guinea pigs was the lung. 
t o  concentration of fluorine are summarized i n  Table 10. L e t h a l  con- 
The degree of gross change and i t s  re la t ion  
centrations caused severe congestion and hemorrhages, as observed 
with other species. A s  the concentration was decreased, the degree of I 
gross ptbology a l so  decreased. 
b le  t o  fluorine than rats o r  mice and actual ly  were slightly less 
susceptible, although not t o  any significant degree. 
The guinea pigs were no more suscepti- 
d. Rabbits 
The only  gross changes observed in the organs and t issues  of 
rabbi ts  were i n  the lungs. Following 
f ive  minutes of exposure, there were no changes a t  134 ppm and luwer. 
Mild, diffhse congestion i n  the lungs (grade 2 )  was observed at 386 
ppm. A t  higher concentrations (452 ppm and above) there was marked 
congestion with hemorrhages. 
f o r  four  days. 
These data are summarized i n  Table 11. 
A l l  other organs w e r e  normal. 
One rabbit  exposed t o  1588 ppm survived 
The lungs showed severe congestion with hemorrhages. 
Exposures t o  ra ther  low concentrations were made because of previous 
reports (in the literature) that  rabbits are more susceptible t o  fluorine 
than rats o r  mice. 
more susceptible. 
These r e su l t s  do not indicate  that the rabbi t  i s  
Se r i a l  sacr i f ice  of rabbits at  1, 2, 4, 7, l& and 2 1  days a f t e r  
exposure showed l i t t l e  o r  no change i n  gross pathology during this 
period, with one exception. 
f o r  5 minutes or  70 ppm f o r  30 minutes), some mild congestion (grade 1 
A t  the lower concentrations (about 150 ppm 
or 2) was observed in the lungs one o r  two days after exposure. By 
the seventh day af te r  exposure, the changes had disappeared and the 
lungs were normal. 
Sacr i f ice  of rabbits .hs days after exposure t o  higher concentrations 
revealed that damage to  the lung had regressed. 
of f i v e  minutes a t  450 t o  770 ppm caused severe congestion and hemorrhage 
(grade 5 )  i n  the lungs one day after exposure. 
there  was only very mild congestion (grade 1) i n  the lungs 
exposure. 
For example, exposure 
A t  the  same concentration, 
days after 
e. Dogs -
The only def ini te  gross pathology related t o  exposure t o  fluorine 
was i n  the lungs. 
60-minute exposure t o  concentrations from 84 t o  109 ppm, there was 
s l i g h t  congestion i n  the bronchi and small, round lesions of congestion 
i n  the lobes of the lungs. 
and br ight  red i n  color. 
These data are summarized i n  Table 12. Following a 
These lesions were 0.5 t o  1.5 cm i n  diameter 
At lower concentrations,the lungs were normal.. 
Following a 15-minute exposure t o  concentrations of 92 t o  100 ppm, 
there was very s l igh t  congestion in one lung, but the other lung appeared 
normal. Lower concentrations caused no gross damage t o  the lungs. 
If a concentration produced damage t o  the lungs, it was not worse 
on the fourteenth day a f t e r  exposure. 
regressed, a t  least very much, by the fourteenth day. 
sacr i f iced se r i a l ly  a t  2 1  or l& days t o  check f o r  regression. 
4. Histology (Micropathology) 
On the other hand, it had not 
Dogs were not 
The organs and t issues  of the animals exposed t o  fluorine were fixed 
i n  1% buffered formalin, sectioned and stained with hematoqrlin and 
eosin f o r  his tological  exaraination. 
3L 
a. L e t h a l  Concentrations 
(1) Lung: Since the most obvious changes found grossly were in the 
lungs, sections of lungs showing severe, gross changes were examined t o  
determine the nature of this severe effect .  
hemorrhages in to  the alveolar spaces. 
nature of this severe damage, lungs from several species were compared. 
The changes =re similar i n  the different  species. 
These lungs had necrosis and 
In  addition t o  determining the 
T h e  following descriptions of sections of lungs are presented as 
examples. 
Rat D-109 (701 ppm for  5 m b )  Severe hemorrhages in to  alveolar 
spaces with exudation. 
bronchial lymphocytic proliferation. 
Coagulation necrosis of a lveol i  with peri-  
Rat D-131 (400 ppm for  15 min) Diffuse hemorrhages throughout a lveol i .  
Focal nodular lymphocytic i n f i l t r a t ion .  Marked vascular engorgement 
with hemorrhages i n t o  alveoli .  
Rat D-107 (556 ppm f o r  5 min) Nodular lymphocytic hyperplasia. 
Congestion of a lveol i  with hemorrhage and exudation. 
inflammatory reaction. 
V e r y  Little 
Rat (200 ppm f o r  60 m i n )  Goamation necrosis of vascular 
walls with resultant hemorrhages in to  surrounding t i s sues  and alveoli. 
Mouse D-61 (150 ppm for  60 min) Coagulation necrosis of pulmonary 
vascular w a l l s  with hemorrhage i n t o  alveolar spaces. 
Guinea Pig D-188 (&O ppm f o r  15 m i n )  Generalized exudation in to  
alveolar spaces. 
i n f i l t r a t i o n  by lymphocytes and macrophages. 
Focal areas of necrosis of alveolar sep ta l  c e l l s  with 
Rabbit D-208 (770 ppm f o r  5 e) ( b  Slides)  Severe coagulation 
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necrosis 
Massive hemorrhages i n t o  alveolar spaces with exudation. 
One focal  area of lymphocytic and macrophage in f i l t r a t ion .  
( 2 )  Liver: Following exposures which were l e tha l  or near the lethal 
concentrations, some gross pathology was seen also i n  the l iver .  
following examples describe the type of change seen microscopically. 
Tissues f r o m  the same animals used as examples previously (lung) are 
presented t o  a l l o w  correlation of  microscopic observations of both 
l i v e r  and lung. 
The 
Rat D-109 (701 ppm f o r  5; e) Coagulation necrosis diffusely 
scattered throughout en t i re  hepatic t i s sue .  Massive per iportal  hemorrhages 
and exudation throughout en t i re  hepatic t issue.  
Rat D-131 (400 ppm f o r  1s m i n )  
chymatous degeneration of hepatic t issue.  
Rat  D-U3 (200 ppm f o r  60 min) 
Diffuse cloudy swelling o r  paren- 
Acute congestion and hemorrhage 
Coagulation necrosis of vascular walls re- in to  hepatic parenchyma. 
su l t ing  i n  generalized hemorrhage. 
( 3 )  Kidney: Following exposure t o  concentrations which were lethal, 
there was no apparent damage to the kidneys. 
b. Sublethal Concentrations 
Tissues from animals exposed t o  sublethal concentrations, with 
subsequent sacr i f ice ,  a l so  were examined microscopically. 
done to  determine the organs and/or t i s sues  damaged, the types of 
This was 
36. 
changes, the difference i n  effects  between species, the correlation 
of response with concentration and time of exposure, the correlation 
of degree of gross with histological damage, the onset or  disappearance 
of an e f f ec t  (by serial sacrifice), and the %o effect" levels. 
The following descriptions from microscopic e,xami,nations of the 
lungs were selected t o  show that the changes i n  a small  section of 
t i s sue  sometimes were similar following exposure t o  different  concen- 
t ra t ions .  However ,  the t o t a l  area involved (from gross observations) 
was quite different.  
f luorine at different  concentrations. 
All the animals were exposed fo r  15 minutes t o  
Rat D-53 (350 ppm f o r  15 min) Sacrificed day 1. Grade 5 gross.  
I n f i l t r a t i o n  of leukocytes Massive hemorrhages throughout lung parenchyma. 
(mainly lymphocytes) superimposed over coagulation necrosis of alveoli .  
R a t  D-53 (350 ppm for  1s e) Sacrificed day 7. Grade 5 gross. 
Marked pro- 
Vascular 
Nodular lymphoid hyperplasia throughout lung parenchyma. 
l i f e r a t i o n  of sep ta l  ce l l s ,  macrophages, and lymphocytes. 
congestion with perivascular hemorrhage. 
Rat D-53B (350 ppm f o r  15 min) Sacrificed day a. Grade 5 gross. 
Nodular lymphocytic i n f i l t r a t ion .  
prol i ferat ion of sep ta l  ce l l s ,  lymphocytes, and macrophages. 
and perivascular congestion and exudation with hemorrhages i n t o  t issues .  
Nearly complete a te lec tas i s  due to 
Vascular 
These 3 preceding t i s sues  show a progressive prol i ferat ive inflam- 
mation proceeding from hemorrhage t o  leukocytic response, finally re- 
su l t ing  i n  an abundance of sep ta l  c e l l s ,  macrophages, and lymphocytes 
with concurrent Loss of alveolar spaces. 
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R a t  D-135 (322 ppm for 15 min) Sacrificed day 45. Grade 4 gross. 
Peribronchial lymphocytic nodu3dr inf i l t ra t ion .  
walls with hemorrhage and exudation i n t o  surrounding t issues .  
foca l  areas of alveolar necrosis with i n f i l t r a t i o n  of alveolar spaces 
by macrophages, lymphocytes, and septal. c e l l s .  
Necrosis of vascular 
Scattered 
Rat ID-162 (98 ppm f o r  15 a n )  Sacrificed day a. Grade 1 gross. 
Peribroncbial and perivascular nodular lymphocytic i n f i l t r a t ion .  
Hemorrhage and exudation in to  alveoli  caused by coagulation necrosis 
of vascular walls. 
macrophages and lymphocytes. 
Sl ight  t o  moderate prol i ferat ion of septal  ce l l s ,  
Mouse D-63 (UO ppm f o r  15 min) Grade 2 gross. Pulmonary vas- 
cular congestion with hemorrhage into alveolar spaces. 
Mouse D-99 (128 ppm f o r  15 min) Grade 1 gross. Pulmonary vas- 
cular  congestion. 
Guinea Pig D-182 (232 ppm f o r  15 m i n )  Grade 2 gross. P a r t i a l  
a te lec tas i s  caused by increase of number of sep ta l  ce l l s  and macrophages. 
Dilatation of blood vessels with exudation and s l igh t  hemorrhage i n t o  
surrounding t issues .  
Dog D-251 (100 ppm f o r  15 m i n )  Grade 1 gross. Slide 1: Re- 
duction i n  s i ze  and number of alveolar spaces causing partial a te lec tas i s .  
Proliferative changes with increase i n  fibrocytes, sep ta l  ce l l s ,  and 
macrophages. Some edema and hemorrhages into alveolar spaces. Bronchi 
re la t ive ly  normal. Slide 2: 
nounced lesions and prol i ferat ion of mucous cells l in ing  bronchi with 
mucous nearly f i l l i n g  the bronchus. 
Same as preceding, but with more pro- 
The fol lar ing descriptions from microscopic examination of the 
lungs were selected t o  i l l u s t r a t e  any similarities o r  differences 
between the different  species tested when exposed t o  approximately the 
same concentration (100 ppm) fo r  the same length of t i m e  (60 minutes) 
and sacrificed a t  the  same time following exposure (l.4 d a y s ) .  
R a t  D-157 (98 pAm fo r  60 min)  Hemorrhage in to  alveolar spaces 
with exudation. 
cytes. Perivascular lymphocytic i n f i l t r a t ion .  
Guinea Pig D-176 (100 p p  fo r  60 Illin) 
Proliferation of sep ta l  ce l l s ,  macrophages, and lympho- 
Nodular lymphoid hyper- 
p las ia  throughout t i s sue .  
c e l l s  and macrophages. 
and exudation in to  surrounding t issue.  
Generalized alveolar prol i ferat ion of septal  
Dilatation of blood vessels with hemorrhage 
Dog D-252 (100 ppm for  60 min)  Slide 1: Reduction i n  s ize  and 
number of alveolar spaces due t o  hyperplasia of alveolar walls. 
These are composed of septal cel ls .  
with hemorrhage and exudation. Slide 2: Same as preceding. Slide 3: 
Same as preceding, except one area of intense i n f i l t r a t i o n s  of eosino- 
ph i l i c  granulocytes and polymorphonuclear granulocytes on r igh t  border 
of lobe. 
Congestion of the alveolar w a l l s  
Other examples of descriptions of findings i n  sections of lungs 
are presented below t o  show that there i s  a correlation between dose 
(concentration X time) and response of t issues .  
i s  more dependent on concentration than i s  the lethal response, there 
is  s t i l l  a correlation between dose and e f f ec t .  
While the response 
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I - -  Rabbit E-220 (134 ppm fo r  5 min) Slight hemorrhage in to  alveolar 
spaces along periphery of lobe. 
sep ta l  c e l l  proliferation. 
sys tern. 
Narrowing of alveolar spaces due t o  
Dilatation and congestion of blood vascular 
Rabbit D-228 (70 ppm for  30 min) Slight  alveolar hemorrhages 
with some narraJing of alveolar spaces due to prol i ferat ion of septal 
c e l l s  a d  macrq21ages. 
Dog D-253 (92 ppm f o r  60 min) Congestion of pulmonary vessels. 
Increase in number of sep ta l  cells ,  with corresponding loss  of alveolar 
space. Alveolar i n f i l t r a t i o n  by lsmphocytes and macrophages. 
Guinea Pig D-151 (82 ppm f o r  60 m i n )  Peribronchial alveolar 
prol i ferat ion with some fibrosis. 
with loss  of alveolar space causing marked a te lec tas i s .  
ce l l s  are septal cells and macrophages. 
Prol i ferat ive inflammatory reaction 
I n f l m t o r y  
Mouse D-66 (115 ppm f o r  30 min) 
One of the important aspects of this study was t o  determine i f  an 
Pulmonary vascular congestion. 
effect  of f luorine would be worse, would regress, o r  remain constant fo r  
a time a f t e r  exposure. Patholopy i n  the lung was of primary importance, 
but damage to any other organ or t issue a l so  was important. 
sublethal exposures, animals were sacrificed serially immediately 
(within 5 minutes) after removal f r o m  the chamber, one hour after 
exposure and 1, 2, 7, 4, 28, and 45 days a f t e r  exposure. 
which showed gross damage were lung, liver, and kidney. 
sectioned and examined under the microscope. 
Following 
The organs 
These were 
While the changes were similar i n  the several  species used, the 
descriptions of t i s sues  f r o m  mice are presented below. Since the 
i 
mice were exposed i n  groups of tenmice each, exposure of a certain 
group was constant. 
follws : 
Changes i n  the lungs, liver, and kidneys were as 
Exposure -- 130 ppm fo r  60 minutes. 
Mouse D-61-1 (Day 1 sacrifice) Lung: Coagulation necrosis of  
pulmona.ry vascula.r w a l l s  with result ing hemorrhage into alveolar spaces. 
KFbey: 
cortex and medulla. 
Liver: 3ecrosi.s. 
Ml~e~nous fatal areas of &qhocyt ic  i n f i l t r a t i o n  throughout 
Focal areas of coagulation necrosis in cortex. 
Mouse D-61-7 (Day 7 sacr i f ice)  Lung: Pulmonary vascular con- 
gestion and hemorrhage in to  alveolar spaces. Kidney: Focal areas of 
lymphocytic i n f i l t r a t i o n  i n  cortex and medulla. 
necrosis in cortex. Liver: Several areas of necrosis. 
Several areas of 
Mouse D-614 (Day l4 sacrifice) Lung: Vascular congestion and 
some hemorrhage i n t o  alveolar spaces. Kidney: Focal nodular lymphocytic 
i n f i l t r a t i o n  i n  the cortex. 
cas t  formation in cortex and medulla. Liver: Sl ight  necrosis and 
congestion. 
Coagulation necrosis with eosinophilic 
Mouse D-61-21 (Day 2 1  sacrifice) Lung: Vascular hemorrhage 
with exudation i n t o  alveolar spaces. Kidney: Focal lymphocytic in- 
f i l t r a t i o n  mainly in cortex. Tubular hemorrhages. Liver: Normal 
Mouse D-61-15 (Day sacr i f ice)  Lung: Pulmonary vascular conges- 
t i o n  and hemorrhage into alveolar spaces. Kidney: Vascular congestion 
and nodular lpphocyt ic  i n f i l t r a t ion  mainly i n  cortex. Liver: Normal. 
Exposure -- 82 ppm fo r  60 minutes. 
Mouse D-69-7 (Day 7 sacr i f ice)  Lung: Pulmonarg congestion. 
Kidney: Vascular congestion. Liver: Passive congestion. 
Mouse D-69-U (Day L!i sacrifice) Lung: Pulmonary vascular con- 
gestion. Kidney: Some i n f i l t r a t ion  of lymphocytes i n  cortex. Liver: 
Passive congestion. 
Mouse il-69-21 (Day 21 sacrifice) Lung: Very s l igh t  pulmonary 
congestion. Kidney: Slight i n f i l t r a t i o n  of lymphocytes i n  cortex. 
Some vascular congestion. Liver: Normal. 
Mouse D-69-45 (Day ks sacr i f ice)  Lung: Normal. Kidney: Focal 
nodular lymphocytic i n f i l t r a t i o n  with vascular congestion and hemorrhages 
in to  tubules. Liver: Normal. 
Exposure -- 55 ppm f o r  60 minutes. 
Mouse D-215-7 (Day 7 sacr i f ice)  Lung: Sl ight  vascular congestion. 
Cystic degeneration of tubules and lymphocytic i n f i l t r a t i o n  Kidney: 
mainly i n  cortex. Liver: Normal. 
Mouse D-215-a (Day 14 sacr i f ice)  Lung: Normal. Kidney: Two 
small focal areas of lymphocytic i n f i l t r a t ion .  Liver: Passive congestion. 
Mouse D-215-21 (Day 21 sacr i f ice)  Lung: N N .  Kidney: Several 
focal areas of lsmphocytic i n f i l t r a t ion .  Liver :  Normal. 
Mouse D-215-45 (Day 45 sacr i f ice)  Lung: Normal. Kidney: Several 
focal areas of lymphocytic i n f i l t r a t ion .  Liver: Normal. 
Exposure -- 115 ppm f o r  30 minutes. 
Mouse D-66-7 (Day 7 sacr i f ice)  Lung: Bronchial pneumonia. 
Kidney: Nodular focal  i n f i l t r a t i o n  of lymphocytes. Vascular conges- 
t ion.  Liver: Passive congestion. 
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~ o ~ s e  D-66-14 (Day l.4 sacrifice) Lung: Pulmonary vascular con- 
gestion. Kidney: Focal areas of nodular lymphocytic i n f i l t r a t i o n  i n  
cortex. Liver :  Passive congestion. 
Mouse D-66-21 (Day 2 1  sacr i f ice)  Lung: Pulmonary congestion. 
Kidney: 
i n f i l t r a t ion .  Liver :  Normal. 
Vascular congestion of cortex with focal  nodular lymphocytic 
Mouse D-66-45 (Day ,!6 sacr i f ice)  Lung: Very s l igh t  pulmonarg vas- 
cu lar  congestion. Kidney: Vascular congestion and focal i n f i l t r a t i o n  
of lymphocytes i n  cortex. Liver: Norznal. 
Exposure -- 51 ppm fo r  30 minutes. 
Mouse D-225-7 (Day 7 sacr i f ice)  Lung: Normal. Kidney: Normal. 
Liver: Normal. 
Mouse D-225-a ( D a y  14 sacrifice) Lung: Normal. Kidney: Normal. 
Liver: Nomal. 
Mouse D-225-21 (Day 2 1  sacr i f ice)  Lung: Normal. Kidney: Normal. 
Liver: Normal. 
Mouse D-225-45 ( D a y  45 sacrifice) Lung: Normal .  Kidney: No&. 
Liver: Normal. 
Expusure -- 
Mouse D-63-7 (Day 7 sacr i f ice)  Lung: Pulmonary vascular congestion 
ppm for  15 minutes. 
and hemorrhage i n t o  alveolar spaces. Kidney: Vascular congestion and 
nodular focal  lymphocytic i n f i l t r a t i o n  i n  cortex. Liver: One o r  two 
areas of necrosis with neutrophilic inf i l t ra t ion.  
Mouse D-63-l.4 (Day 111 sacr i f ice)  Lung: ( 3  sections) Sl ide 1: 
Congestion and hemorrhage in to  alveolar spaces. Slide 2: I n f i l t r a t i o n  
of en t i r e  lobe with lymphocytes and macrophages. Sl ight  con- 
gestion and hemorrhage into alveolar spaces. Kidney: Several focal  
areas of lymphocytic i n f i l t r a t i o n  in  cortex. Liver: Normal. 
Slide 3: 
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Xouse 0-63-21 (Day 2 1  sacrifice) Lung: Pulmonary vascular con- 
gestion. Kidney: Congestion and focal  areas of lymphocytic i n f i l t r a t ion .  
Liver: Normal. 
Mouse D-63-45 (Day 45 sacr i f ice)  Lung: P m n a r y  vascular conges- 
tion. Kidney: Vascular congestion i n  two areas of fooal lymphocytic 
i n f i l t r a t ion .  Liver: Normal. 
-sure -- 32 ppm for 15 minutes. 
Mouse D-71-7 ( D a y  7 sacr i f ice)  Lung: Pulmonary vascular congestion. 
Kidney: Focal lymphocilic i n f i l t r a t ion  i n  cortex. Liver: Normal. 
Mouse D-71-14 ( D a y  lh sacrifice) Lung: Some congestion. Kidney: 
Tim small focal  areas of lymphocytic i n f i l t r a t ion .  Liver: Normal. 
Mouse D-71-21 (Day 21 sacrif'ice) Lung: Normal. Kidney: Several 
small focal  areas of lymphocytic i n f i l t r a t ion .  Liver: Normal. 
Exposure -- 174 ppm f o r  5' minutes. 
Mouse D-64-7 (Day 7 sacrifice) Lung: Pulmonary vascuaar congestion 
and hemorrhage i n t o  alveolar spaces. 
iymphocytic i n f i l t r a t i o n  of cortex. Liver: Normal. 
Kidney: A f ew foca l  areas of 
Mouse D-64-a ( D a y  14 sacrifice) Lung: Pulmonary vascular con- 
Kidney: gestion with hemorrhages and exudation in to  alveolar spaces. 
Some foca l  i n f i l t r a t i o n  of lymphocytes in cortex. Liver: Normal. 
Mouse D-64-21 (Day 2 1  sacr i f ice)  Lung: Slight puLmonarg vascular 
congestion. Kidney: Some focal i n f i l t r a t i o n  of m h o c y t e s  and vascular 
congestion. Liver: Normal. 
I 
a. 
Mouse 0-64-45 (Day 4s sacr i f ice)  Lung: Pulmonary vascular congestion. 
Kidney: Focal nodular i n f i l t r a t i o n  of lymphocytes i n  cortex. Vascular 
congestion, hemorrhage in to  tubular spaces. L i v e r :  Normal. 
Exposure -- 114 ppm fo r  5 minutes. 
Mouse D-72-1 (Day 1 sacr i f ice)  Lung: Sl ight  congestion. Kidney: 
Normal. Liver: Normal. 
Mouse 13-72-7 (Day 7 sacriilice) Lung: Normal. Kidney: Congestion 
i n  parenchyma with focal areas of lymphocytic i n f i l t r a t ion .  Liver: Nonnal. 
Mouse D-72-lb (Day lb sacr i f ice)  Lung: Normal. Kidney: Numerous 
focal  areas of lymphocytic i n f i l t r a t i o n  throughout parenchyma. 
Normal. 
Liver: 
Mouse D-72-21 (Day 2 1  sacr i f ice)  Lung: Normal. Kidney: One 
small area of focal  lymphocytic i n f i l t r a t ion .  Liver: N o m .  
Mouse D-72-,!& (Day @ sacr i f ice)  Lung: Normal. Kidney: Sl ight  
i n f i l t r a t i o n  of lymphocytes mainly in to  cortex. Liver: Normal. 
An attempt was made t o  correlate the degree of damage i n  the 
lung, l iver ,  and kidney. It was apparent that the lung showed more gross 
damage than the other two organs. While the kidney and liver were da- 
maged, the degree was l e s s  than i n  the lung folluwing the same exposure. 
T h e  damage to kidney and l i v e r  became apparent 7 to 14 days after an 
exposure. 
A more definitive comparison of pathology i n  these three organs could 
be made f r o m  the micropathology. The concentrations which 
caused any niicropathulogy in the luig, the l iver ,  o r  the Iddney a t  each 
period of exposure are summarized in Table 13. It can be seen from the 
data i n  this tab le  t h a t  pathology i n  the lung o r  kidney occurred a t  al- 
most the  same concentration. The pathology i n  the l i v e r  d id  not occur 
u n t i l  the  animal was exposed t o  concentrations higher than those which 
produced pathology in the lung o r  kidney. Pathology i n  the  l i v e r  first 
i n  the  lung. 
Tissues from animals exposed t o  concentrations which caused no gross 
e f fec t s  were examined histologically. I n  general, i f  there were no gross 
effects ,  there was no effect  found microscopically. I n  addition t o  the 
mice described above (exposure -- 51 ppm f o r  30 minutes), a few more 
examples are described as  follows: 
R a t  D-26 (80 ppm f o r  5 min) Lung: Essentially normal. Kidney: 
Essentially normal. 
R a t  D-206 (48 ppm f o r  30 min) Lung: Essentially normal. Kidney: 
Essentially normal. 
Rat D-233 (40 ppm f o r  60 min) Lung: Essentially normal. Kidney: 
Essentially normal. 
c -  sunnnarg of Histology 
Inhalation of lethal concentrations of f luorine caused massive 
hemorrhages i n  the  lung t i s sue .  This was brought about by coagulation 
necrosis of the  pulmonary vascular system with extravasation of blood. 
Degeneration and necrosis of hapatic t i s sue  were also present i n  some 
animals. These changes were found i n  a l l  species tested -- rats, mice, 
guinea pigs, and rabbits.  
Sublethal concentrations of fluorine caused similar gross and micro- 
scopic changes, b u t  t o  a lesser extent. 
shown by the leukocytic response. Kidney and l i v e r  involvement was 
seen after several days had elapsed following exposure t o  sublethal 
concentrations. 
A n  attempt at body repair was 
Iv. SUMMARY 
Special equipment, including a chamber for exposures, was designed 
and built to handle fluorine safely. 
Analytical methods for the determination of the concentration of 
f luorine in air were developed. 
measurement of the concentrations of fluorine and fluorides in the air  
of the exposure chamber. 
gas-liquid chromtography, were pursued. 
Colorimetric methods were used for the 
Analybical methods for fluorine in air, using 
A thermal conductivity detector 
measured the fluorine, but was not  sensitive enough for these purposes. 
Indirect measurement of fluorine, by conversion to chlorine, with a 
thermionic flame detector appeared to be satisfactoyp,: 
Signs of intoxication f r o m  high concentrations of fluorine in 
I ”  &*. 
air were marked irritation of the mucous membranes of the eyes and 
respiratory tract. The s k i n  ofthe animals s h m d  some irritation 
at the concentrations used,. 
The LCso (concentration calculated to k i l l  5% of the animals) was 
determined for 5,  15, 30, and 60 minutes of exposure in both rats and 
mice. 
exposure, while the LC 
utes of exposure. 
The LCso for guinea pigs was determined for 15 and 60 minutes of 
in rabbits was detemined after 5 and 30 min- 50 
There were no significant differences between the 
LCSo1s for the different species of experimental animals. 
pressed as &CUM and as ppm (by volume), are tabulated as 
These, ex- 
follaws : 
LC5o Values For Animals Exposed To Fluorine - 
Exposure Rat Mouse Guinea Pig Rabbit 
Time Concentration Concentration Concentration Concentration 
At lower concentrations, there were fewer signs of intoecation. - 
Dyspnea, lethargy, red nose, and swollen qes were observed at concen- I 
trations equivalent to 5s of the LC 
were 25% of the LC 
manifsted by slight dyspnea and closed eyes. 
there were no gross signs of intoxication. 
these animals d3d &ow significant changes due to fluorine, 
' s .  At concentrations which 
50 
Is, there were only mild signs of intoxication, 
50 
At lower concentrations, 
I 
Complete blood counts on 
- 
Gross pathology following exposures near the LC Is was congestion, 
50 I 
hemorrhage, and atelectasis in the lungs and some congestion and/or 
mottling in the liver. 
exposures, had congestion in the lungs and occasional congestion in 
the liver. 
sacrificed 7 to 14 days after exposure. 
Survivors, sacrificed up to 45 days after such 
I 
T h e r e  was some discoloration of the kidneys in animals 
I 
Following sublethal. exposures, there was pathology in the lungs, 
liver, and kidneys. 
after exposure. 
first on the seventh to fourteenth day following exposure. 
lung or  kidney occurred from exposure to almost the same concentration. 
Exposure to higher concentrations was necessary before patholgg was 
observed in the liver. 
Effects in the lung were observed irmhediate3.y 
Effects in the kidney were observed (and in the liver) 
I 
I 
Pathology in the I 
49. 
-sure to concentrations at or below 100 ppm for 5 minutes, 
70 ppm for 15 minutes, 55 ppm for  30 minutes, or 45 ppm for 60 minutes 
caused no apparent effects in the animals. 


INSTALLATION OF G.4S SAMfLii<G AND COLUMN SELECTOX VALVE 
For Series or Parallel Operation of Two Columns 
Gas Sample Valve (7 Port) 
Colunn Selector Valve (5  Port) 
Thru Fitting to Column Oven 
Variab!e Restrictor d 
Variable Restrictor6 2 
Sample Loo? Connections 
Sample in 
Sample Out 
/ 
TC Inlet 1 
DETECTOR Inlet 2 
Carrier From Flow Controller 2 
Carrier Prom Flow Controller 1 
3 Col. A x 
To 
From 
Col. B 
W Sample :.-.i 
Loop 
Dl2t e c tor 
Col 
To 
\ 
\ 
\ 
Q 
VALVE STEM POSITION ' 
Gas Sampling out 
(7 Port) In - - - -  - - .  
Co!umn Selector Out c 
I 5 Port) In L - - -  - .  
FUNCTION 
Load Sample 
Inject Sample 
Columns in Parallel 
Columns in Series FIGUHE 3 
53 
i : 
FLaW P A T "  USING F'LUMBING ARRANGEMENT 
Condition A. 
G a s  Sampling V a l v e  - in, Column Switching Valve - i n
#14@+Carrier G a s  in-Mas Sample Valve------Jsampling Loop 
(in port  4, out port  5 )  
Column A-Inlet #l-Gas Sample Valv 
( i n  port 2, out port  3) 
Valve t e r m i n a l  strip-+Column Switching Valve 
(in port  3,  out 
Detecto-Column -Inlet No. 2 
Result: A s  sample is picked up by ca r r i e r  gas i n  sample 
loop, sample i s  directed through both columns; 
hence, column series. 
Condition A ~ .  
Simultaneously, flow is directed t o  other s ide of detector as follows: 
#P-@->Nupra Valve @----*column Switching V a l v e  
(in port  3, out Port 
DetectoM-Valve terminal stripC--------Nupro Valve a 
Flaw Con ol le r  
(via j-r) 
Note: Nupro valves are used t o  compensate for flow (pressure 
drop) in columns t o  prevent major base line shifts when 
switching the column switching valve in or  out. 
FIGURE 4 
54 
FLW PATTERN USING PLUMBING ARRANGEMEWT 
Condition B. 
G a s  Sample V a l v e  in, Column Switching Valve out - -
# l - - - j ~ l o w  controner+@+Carrier gas in-as sample valve 
( i n  p o r t  2, out port  3) 
(in port  4, 
Inlet #lf---------Gas Sample Val-Sample 
(in port  4, out  port  
lumn A d v a l v e  Terminal Strip+Column Switching V a l v e  
Detectol..C-Jlrmper+Valve Terminal  Stri.-.Nupro Valve 
Result:  Sample F l o w  through column A only. 
Condition E&. 
(in port  1, out por t  2 )  1 # 2 L F l o w  Controller+@+Nupro V a l v e  @+Column Switching V a l v e  
Compensates f o r  pressure drop in Column A. 
Compensates for  pressure drop i n  Column B. 8 Note: Nupro valve Nupro valve These must be manually adjusted. 
FIGURE 5 
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d 
z 
2 
1 
S- EFF,CTS IN RATS AND MICE 
EXPOSED TO F'LUORINE 
EXPOSUKE TIME (minutes) 
FIGURF, 11 
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TAHLE 1 
Recovery of Fluorine from A i r  in Exposure Chamber 
O v e r  a Wide Range of Concentrations 
Concentration ( m m )  
Theoretical A&-&& % Recovery 
90 
108 
135 
168 
225 
370 
37L 
450 
508 
572 
600 
670 
900 
1100 
ll00 
90 
108 
L28 
171 
225 
370 
386 
k30 
515 
555 
597 
685 
890 
1040 
1132 
1320 
475 
1565 
84232#-# 
2000 
1272m 
100 
100 
102 
100 
100 
103 
96 
101 
97 
100 
102 
99 
95 
95 
103 
98 
96 
100 
99 
99 
99 
+ Mean - Standard Deviation 99 2 2 
* F r o m m & x c n  chamber 
mt F2 i n n i t r o g e n  
TABLE 2 
I,&, Values For Animals Expo sed To Fluorine 
(10 Rats or  mice per group. 5 Rabbits o r  guinea pigs per group.) 
Species 
Rat 
Mouse 
Rabbit 
Rat  
Mouse 
Guinea Pig 
Rat  
Mouse 
Rabbit 
Rat 
Mouse 
Guinea Pig 
Exposure 
T 3 l E  - (mins 
5 
5 
5 
15 
15 
15 
30 
30 
30 
60 
60 
60 
19/20 
Confidence 
L’lmits (PPI 
636-770 
517-696 
730-920 
361-422 
3Wi-UO 
352-443 
2 32 -313 
199-254 
240-310 
W-240 
139-162 
152-190 
63 
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68. 
TABLE 8 
S T  of Gross Pathology i n  the 
Lungs of Rats and Mice Ekposed t o  Fluorine 
(Concentrations are expressed in pprn) 
5 575+ 315+ 230+ 
4 480-575 280-315 200-230 
3 280-480 175-280 130-200 
2 165-280 US-175 90-130 
1 100-165 70-lJ-5 55-90 
N 100 70 55 
60 
165+ 
 
140-165 
lOO-L!lO 
70-100 
45-70 
45 
Grading System for Gross Pathology i n  Lungs 
Grade Description -
5 Congestion with hemorrhages (petechial o r  ecchymotic) 
4 Severe diffise congestion 
3 Moderate diffuse congestion 
2 Mild diffuse congestion (or  diffuse congestion without 
adjective) 
1 Very mild diffuse congestion 
N Normal or  no change 
Lung Pathology in Mice Follaring Ekp os- to Fluorine 
N N N  N N N N  N 
1 1 1  1 N N N  N 
2 1 N  1 2 1 2  1 
2 2 2  2 2 2 2  2 
1 2 2  2 
2 2 2  2 
4 4 4  4 
4 4 5  4 
5 5 5  5 5 3 3  2 
30 min. 32 N N N  N N N N  N 
51 1 N N  N N N N  N 
82 1 1 1  1 2 1 1  1 
116 2 2 2  2 1 2 2  2 
181 3 3 3  3 2 2 N  2 
5 4 4  4 2 2 2  1 
204 3 5 5 5 5  4 4 4 4  3 
15 min. 65 
82 
108 
128 
1wr 
208 
236 
293 
310 
L21 
5 lnin. 38 
79 
llli 
129 
174 
220 
L67 
758 
855 
N 
1 
1 
1 
2 
3 
3 
4 
5 
5 
N N  N N N N  N 
1 1  1 2 1 N  N 
1 1  1 1 2 N  N 
2 2  1 2 2 1  1 
2 2  2 2 2 N  2 
3 3  3 2 2 1  1 
2 2 1  2 
2 2 1  1 
5 5  5 2 N 1  1 
3 3  
4 3  
5 5  5 2 N 1  1 
; 
N N  N N 
N N  N 1 
1 1  1 1 
1 1  1 1 
1 1  1 1 
2 2  2 2 
3 
5 
5 
z 
5 
3 
5 
5 
1 
2 
5 
N N  N 
1 N  N 
1 1  N 
N 1  1 
2 2  1 
2 1  N 
2 N  N 
2 2  2 
3 2  1 
* Mediately after exposure. * One hour after exposure. 
Exposure 
Time 
15 min. 
Concentration 
(ppm) 
70 
80 
100 
195 
232 
275 
367 
lr28 
440 
TABU 10 
Lung Pathology i n  G u i n e a  Pigs Following 
Exposure t o  Fluorine 
Degree of Gross 
Lung Pathology 
N 
1 
1 
2 
2 
3 
3 
4 
5 
60 rain. 73 
82 
86 
9 1  
100 
110 
115 
200 
290 
1 
N 
2 
2 
2 
2 
2 
5 
5 
71 
TABLE 11 
Lung Pathology i n  Rabbits 
Following Exposure t o  Fluorine 
Esrposure 
Time 
5 min. 
30 min. 
I -  
1 -  
Concentration 
(PPd 
26 u 
51 
134 
386 
w2 
770 
1588 
8 
10 
19 
32 
39 
71 
195 
240 
325 
690 
Degree of Gross 
Lung Pathology 
N 
N 
N 
N 
2 
5 
5 
5 
4 
5 
5 
5 
72 
Lung Pathology in Dogs Following 
Exposure to F luorine 
Exposure Concentration Degree of Gross 
T i n e  (Flpm) Lmg Pathology 
15 min. 39 N 
58 N 
92 1 
93 1 
100 1 
60 min. 15 
19 
38 
68 
73 
84 
87 
92 
97 
102 
109 
N 
N 
N 
N 
1 
1 
N 
N 
2 
2 
2 
73 
Comparison of Pathology in Lung, Liver  o r  
Kidney of Mice Exposed t o  F luor ine  
T h e  of Conc . Organ with Pathology 
Exposwe - (PPI ~ung ~ i - y  Liver 
. 
5 min. 38 N N N 
79 N N N 
lI-4 1 P N 
129 1 P N 
174 1 P N 
195 2 P P 
15 min. 65 N N N 
82 1 P N 
108 1 P N 
128 1 P N 
llrlr 2 P P 
30 m i n .  32 N N N 
51  N N N 
82 1 P N 
116 2 P P 
60 min. 30 N N N 
50 1 N N 
55 1 P N 
80 2 P P 
N = Normal or  No Change 
P = Some Pathology 
1 o r  2 = Degree of Lung Pathology 
